In order to reveal the function of the central nervous system, many investigators have tried various studies on the single neurons.
In such attempts, a development of the technique to excite the single neuron by applying current through an impaled microelectrode has contributed to the study of the excitable membrane properties (COOMBS, ECCLES and FATT 1955 , ARAKI and OTANI 1955 , FRANK and FUORTES 1956 ). The question remains untouched, however, on the role of single neurons in the organized central nervous system. The bridge circuit was also successfully employed for direct stimulation with microelectrodes.
As a result many properties of the neuron have been revealed, and analytical treatment of neuron firing has also been done recently (GRANIT, KERNELL and SHORTES 1963, HOMMA 1965) . But many problems still remain undiscussed as follows.
The excitability of neurons to direct stimulation is usually represented by a rectangular current intensity required for firing of the neuron. With such a method the excitability of the whole neuron would be represented by the portion with the lowest threshold i. e., the initial segment (IS) of the axon. It would be, however, difficult to assume that other components such as the soma and the dendrites take no part in deciding the firing level of the neuron. But we have little information on this problem. The application of direct current to neurons has been performed under a hypothesis that the depolarization resulting from current flow is virtually the same as the depolarization from synaptic drives (cf. FUORTES and MANTE-GAZZINI 1962). This hypothesis is also one of the problems that should be discussed.
Anesthetic 
METHOD
One hundred adult cats weighing 2.5-3.0 kg were used in this experiment. Laminectomy of the lumbo-sacral segments was performed under Nembutal (Pentobarbital sodium 25-30 mg/kg ip) anesthesia.
Spinal cats were used in a few cases, after decerebration under ether anesthesia.
The ventral roots from L6 to S1, which had been severed bilaterally, were employed for identification of the single motoneurons by antidromic stimulation.
The contralateral dorsal roots were cut at the same segments. The ipsilateral tibial and peroneal nerves were isolated and placed on stimulating electrodes.
The exposed spinal cord, roots and peripheral nerves were immersed in a pool of warmed paraffin oil to prevent from cooling and drying. Manual stretch of the ipsilateral Achilles tendon was performed as a natural stimulation.
In order to minimize body movements curarized cats with bilateral pneumothorax were kept under artificial respiration with pure oxygen.
Non-elastic balloons attached at the chest holes for pneumothorax served the purpose of quiet respiration and to prevent the lung from drying over a long term. In addition to Flaxedil, dripping infusion of succinyl choline chloride (SCh) was also used for immobilization of the animals in order to maintain a definite level of relaxation of all the muscles.
The effect of ether upon the motoneuron was controlled by a rapid washing out of ether from the lungs with pure oxygen by employing two sets of respiratory pumps. The microelectrode impalement was performed usually at least 10 hr after the initial administration of narcotics. Glass capillary microelectrodes filled with 3M-KCI were used, which had compara-tively low resistance (5-8 megohm) when measured in physiological saline solution. An "A-type" bridge circuit of FRANK and FUORTES (1956) was employed for the recording of potentials generated by direct stimulation. A trapezoid shaped current by Koizumi et al. (1960) was used for a stimulating current, which increases linearly to a given level, maintains its height for a certain duration and abruptly decreases to zero level. The currents were generated by a Tektronix wave form generator in combination with a pulse generator.
The current strength and the duration time of the steady state were controlable.
The latter, however, was mostly set to have a 20 msec duration. The adoption of this wave form as a stimulating current served to eliminate an error, that is, the apparent threshold increment, which is produced by the utilization time being consumpted at the plateau phase . A notch like current, simulating miniature EPSPs, was superimposed upon a given phase of the basal depolarizing current in order to study effects of miniature excitatory post synaptic potentials (mini . EPSPs) upon the firing of neurons.
The simulated EPSP current rose perpendicularly to its maximum height and decayed thereafter exponentially to zero level . A cathode follower dc amplifier without compensation for capacitance was used for measurement of the membrane potential changes and a high gain ac amplifier combined with the dc amplifier was employed for measurement of the small potential changes.
The output of these amplifiers and the stimulating currents were fed to a monitoring Tektronix 565 oscilloscope and a slave CRO . In addition, the spike potential was also recorded through a differentiation circuit for identification of the IS notch .
RESULTS
Threshold-latency curve in light anesthesia. Measurements of the thresholdlatency curve have been made by many investigators on the motoneurons of cats with linearly increasing currents (Koizumi et al . 1960 , FRANK and FUORTES 1960 , BRADLEY and SOMJEN 1961 , SASAKI and OTANI 1961 , 1962 . In this experiment a light anesthetic state was produced by leaving the animal alone for 10 to 30 hr after the first injection of narcotics (Nembutal 25-30 mg/kg) and then observation and measurement were performed . Two types of threshold-latency curves were obtained from the motoneurons of the lumbo-sacral region under the light anesthesia (FIG . 1) ; (1) Type A neurons had a constant firing threshold current intensity during the course of the linearly increasing currents from 0 to 500 msec (FIG . 1-A) . (2) Type B neurons showed the same behavior as type A neurons during the first 100 msec of the increasing currents, but their threshold value abruptly increased near 100 msec and was maintained during more than 400 msec . The A and B neurons seem to correspond respectively to the "tonic type" and "phasic type" neurons postulated by SASAKI and OTANI (1961) . Under the light anesthesia "tonic type" neurons were mostly encountered , but the rate of encounter to the "phasic type" neurons increased as the anesthesia was deepened.
Under deeper anesthesia it was often observed that the firing threshold drifted in a fairly wide range as a result of linearly increasing currents as The right side represents the accommodative difference between the initial segment and the soma-dendrite of motoneurons to linearly increasing currents.
The dots were distributed in an area (indicated by hatched lines) that was enclosed by three lines, which designate the threshold current intensity of the soma-dendrite and of the initial segment, and the minimal current gradient of the initial segment.
Note logarithmic scale in the abscissa.
in an area that is enclosed by three lines which designate the threshold current intensity level of the initial segment and of the soma-dendrite, and the minimal gradient requirement (represented by HILL's time constant A, HILL 1936) of the initial segment as shown diagramatically on the right side of FIG. 2. This result suggests that after the initial accommodation of the initial segment, the threshold current intensity for the firing of the motoneuron increases to the higher SD threshold level and keeps that firing level 500 msec on account of the slow accommodation of the soma-dendrite. This assumption gives support to the hypothesis proposed by SASAKI and OTANI (1961, 1962 ) that the accommodation of motoneurons is composed of the two processes.
The mode of activity of the tonic and the phasic type of motoneurons could be attributed to the amount of the synaptic noises flowing into the motoneurons.
Because of the triggering action of the rapid rising phase of synaptic noises, the motoneuron firing may be always determined by the initial segment without primary initiation of the firing of the soma-dendrite .
Consequently, the motoneuron which receives a lot of impingement of synaptic noises shows the tonic type. This assumption will be supported by the following experiments.
Triggering action of simulated mini. EPSP currents.
Sequential recordings in FIG. 3 show clearly the relationship between miniature EPSP, indicated by an arrow, and spike generation to a stimulating current with a certain slope which exceeds the minimal gradient requirement.
The spike always initiated from the top of the mini. EPSP at approximately 2 mV height . Spikes never appeared, however, when mini. EPSPs were not observed as shown on the bottom record in FIG. 3A.
SASAKI and OTANI (1962) have reported about the threshold current intensity of a rectangular current required for firing when a rectangular current is superimposed upon a linearly increasing current . A similar attempt was made with simulated currents of mini. EPSP, which had been adjusted so strongly as to obtain about 2 mV of depolarization of the motoneuron membrane. In this experiment, to avoid disturbances due to spontaneous synaptic impingements, the dorsal roots were sectioned bilaterally from L6 to S1 and anesthesia was also adjusted to a little deeper level than in the light anesthesia produced by the steady state current. These records show that the phasic type motoneuron which has responded with two or three spikes to the rectangular current of suprathreshold intensity, responds with a spike to the triggering current.
These results imply that the rapid transient changes of the applied currents play an important role in the spike generation of motoneurons. A-2 shows combined effect of current application and stretch of the Achilles tendon which generates a majority of the miniature potentials.
A-3 shows phasic character of motoneuron, in which a spike was triggered when an artificially simulated mini. EPSP was superimposed.
Similar natural stimulation was superimposed upon rectangular currents in B. The records in the bottom row of B were recorded through the differentiation circuits and showed initiation of the spikes from the initial segment, C shows the enhanced miniature potential changes at higher amplification, quently, the discharge of spikes was not attributed to the increased depolarization by combining the stimuli. This neuron had a phasic nature that responded with a single spike from rectangular steady currents and also by simulated mini. EPSP currents (FIG. 5A-3) . It was noteworthy that the miniature potential changes were found to be enhanced by the muscle stretch on the basic depolarization.
Closed observation of each repetitive discharge of this neuron revealed that each mini. EPSP was corresponded to each spike.
Similar attempts were performed using the steady current in other neurons and same results were obtained (FIG. 5B) . The bottom records in B represent the differentiated action potentials, which show that the spikes always initiated from the initial segment (FUORTES, FRANK and BECKER 1957). Record C in FIG. 5 shows the enhanced miniature potentials accompanied with the spikes by higher amplification.
The above stated results indicate that the rapid transient changes of the current is necessary to the spike generation in addition to the membrane depolarization.
Thus, miniature potential changes has a special significance as a transient and random trigger of the neuron activity. II: Effects of ether inhalation on miniature potential changes.
The miniature potential changes (including EPSPs and IPSPs) were observed before current application in A; enhancement of miniature potentials by depolarizing currents in B and C; development of mini. EPSPs to firing level of the motoneuron (D). After ether inhalation, the miniature potential changes did not increase in spite of the increasing depolarization (E, F, G and H).
by 25% compared to the estimated minimal gradient before ether inhalation . In the resting potential there was no remarkable change and also no change was found in the spike amplitude, which was elicited either by orthodromic, antidromic or direct stimulation.
In contrast, the IS hump became manifest after ether inhalation.
This fact indicates a prolongation of the time required for propagation of the excitation from the initial segment to the soma-dendrite. These observations seem to suggest that ether inhalation depresses the im- first (C in FIG. 8) , then the SD spikes followed in a series of subsequent recordings (D in FIG. 8) . During introduction to deep anesthesia, on the contrary, diminution of the spikes was observed in the opposite sequence. In other words, the SD spike is easily affected by anesthesia.
Accommodation in axon. Modes of accommodation of the axons in the spinal cord were studied on the same view point as mentioned above. As shown in  FIG. 9 are not pure mini. EPSP analogus to mini. EPPs but are due to continuous synaptic bombardments, the important role of their triggering action on the spike generation without serious change in the membrane potential should be stressed.
Therefore, in order to reveal the role it would be necessary to analyze much more central nervous activity together with recording the miniature potentials.
In addition to their triggering action of spike, miniature potentials may have a physiological significance concerning the excitability or the nature of motoneurons as was shown in the SCh experiment.
Striking enhancement of the miniature potentials in number and size, which was elicited by administration of SCh, seems to correspond to an increase of afferent impulses from the muscle spindles following peripheral stimulating action of the drug (GRANIT, SKOGLUND and THESLEFF 1953 , FUJI-MORI et al. 1959 , HENATSCH, LANGREHR and SHULTE 1960 , COOK et al. 1965 ). On the other hand, the height of monosynaptic reflex responses are known to be depressed in such state.
There was no difference in spike generation between the miniature potentials produced by SCh and by natural stimuli as shown in this experiment.
In other words, the miniature potential changes by SCh should have facilitatory effects upon the motoneuron activity. This seems to correspond the enhancement of polysynaptic reflex activity which have been observed when SCh was administered.
Therefore, it may be concluded that a consequent increase of miniature potential changes mobilizes the motoneurons to the tonic activity.
Relation between accommodation and depth of anesthesia. The author expresses his thanks to Prof. I. SUDA for his helpful criticism during this work. The author is very much indebted to the China Medical Board, for the contribution of some apparatus used in this experiment.
